We analyze emission line properties and their correlations for 18,043 type 1 active galactic nucleus (AGN) in the range of 0.02 ≤ z ≤ 0.8, based on Sloan Digital Sky Survey Data Release 14 data. We complement the data with photometric measurements from ROSAT, GALEX, 2MASS, and FIRST. We find the following: (a) The average correlation between luminosity of [O III] and AGN luminosity is stronger than those for [O II] line. This is consistent with the stratified model of narrow line region (NLR). Furthermore, we also find a weak dependence of ionization degree with AGN luminosity. (b) The narrow lines luminosity and radio luminosity correlation is stronger for radio quiet AGN and weaker for radio loud (RL) AGN, most likely due to radio jets. A possible explanation is as the jets penetrate the NLR, the shock will ionize its gas, increase the narrow lines emission, and cause a bigger dispersion in the correlation for RL AGN. (c) The investigated narrow lines, [O II], [O III], H , H , [N II], and [S II], show a significant trend of decreasing luminosity ratio relative to the broad H luminosity where the slopes in the range of −0.26 to −0.50.
INTRODUCTION
Active galactic nucleus (AGN) is accreting supermassive black hole (SMBH) in the galactic center. Type 1 AGN is defined as a class of AGN where we can observe its nucleus directly. Common spectral features of this object include continuum emission, which is peaked in optical/ultraviolet (UV) band; narrow emission lines, which are produced by narrow line region (NLR), and broad emission lines which arise from broad line region (BLR) (Netzer 2013) .
To understand the physics of NLR and BLR, many studies have been done to find correlations between different observable properties of AGNs. An important correlation is eigenvector 1 correlation (EV1), firstly found by Boroson & Green (1992) . In terms of EV1 correlation, stronger Fe II emission leads to weaker [O III] and narrower H line. Primary factor which drives EV1 correlation is Eddington ratio (L/L Edd ) with additional effect of BLR disk-like structure orientation angle (Boroson & Green 1992; Shen & Ho 2014; Sulentic et al. 2000) . The EV1 correlation is unexpected because they represent the connection between BLR and NLR even though those two regions are physically and kinematically different.
We are interested in studying [O II] 3727 and [O III] 5007 line properties of type 1 AGN and how they change as the fundamental properties of AGN changes. In this case, we use the EV1 correlation as a proxy to measure the behavior of AGN Eddington ratio, mass, and bolometric luminosities. The [O II] luminosity is known as reliable star formation rate (SFR) tracer in galaxies (Rosa-González et al. 2002) . On the other side, the [O III] is frequently used as a tracer to study NLR structure and kinematic, as well as to estimate AGN bolometric luminosity (Netzer 2013) . Moreover, the [O III] to [O II] luminosity ratio is sensitive to ionization degree of surrounding gas (Shirazi et al. 2014) . Therefore, by studying these two strong forbidden lines, we aim to investigate how NLR properties change as the ionizing continuum from central engine of AGN varies, including stratification in the NLR.
It has been proposed the outflowing dust and gas from NLR can suppress SFR in its host galaxy (Zhang et al. 2013) . Radio jets, aside from radiation pressure, are known to play important roles in triggering the outflows (Mullaney et al. 2013 ). However, it is still unclear which AGN properties are most important to influence the outflow mechanism in the term of the more general AGN population (i.e., radio emission, bolometric luminosity, Eddington ratio, etc.). Therefore, we are also interested to investigate how radio jets influence the NLR emission and SFR by using [O II] 3727 as a proxy. Although several studies have explored the connection between NLR kinematics and radio properties of AGNs (Kalfountzou et al. 2012; Mullaney et al. 2013 ), a study of larger samples and redshift range are needed to determine how NLR emission correlates to the radio properties of type 1 AGN population in general.
In this paper, we present a study of 18,043 type 1 AGN at z < 0.9 selected from Sloan Digital Sky Survey Data Release 14. We utilized SDSS spectral data to measure [O II] 3727, [O III] 5007, and other line profiles to derive their physical properties. Then, we investigate how radio emission influences NLR stratification and reconstruct the EV1 diagram to see how the [O III]/[O II] ratio (i.e., ionization degree) changes when AGN fundamental physical parameters change.
The structure of this paper is explained as follows. We start with our selection methods in Section 2.1. Then, in Section 2.2 we explain our spectral reduction and analysis procedure to derive the emission line parameters. Our result and analysis are presented in Section 3. In Section 3.1, we analyze the correlation between [O III] and [O II] luminosities with AGN luminosities from X-ray to radio. The radio properties of T1 AGN are explained in Section 3.2. The BE in the narrow lines is discussed in Section 3.3 while type 1 AGN in context of EV1 correlation is explored in Section 3.4. In the end, we summarize our results in Section 4.
For all of physical measurements, we assume a Friedmann-Robertson-Walker cosmology with Ω = 0.3, Λ = 0.7, H 0 = 70 km s −1 Mpc −1 .
THE DATA

Main sample construction
We select our data based on Sloan Digital Sky Survey Data Release 14 (SDSS DR 14; Abolfathi et al. 2017) to construct a well-defined type 1 AGN sample by using these criteria:
1. The SDSS pipeline categorized the spectrum as quasi-stellar object or "QSO." 2. Redshift value is within 0.02 ≤ z ≤ 0.9, to cover [O II], H , [O III], and optical Fe II lines in the spectra. 3. Signal-to-noise ratio >10 in the spectrum, 1 for carrying out an accurate NLR/BLR decomposition.
A total of 25,222 spectra pass our criteria. The reduced one-dimensional spectra can be downloaded through SDSS Skyserver. 2 Then, we supplement the optical SDSS spectra with X-ray, UV, near-infrared (NIR), and radio measurements. The UV photometric measurements were 1 Based on median signal-to-noise ratio of whole pixels covered by the spectrum (available in the SDSS database). 2 http://skyserver.sdss.org/dr14/en/home.aspx taken from Galaxy Evolution Explorer (GALEX) GR6/GR7 database (Martin et al. 2005; Morrissey et al. 2007 ) in the near-UV (NUV; 2,271 Å) and far-UV (FUV; 1,528 Å) band. We crossmatch our main sample with GALEX in both bands by using 3 ′′ radius criteria. Then, we used the point-source catalog of The Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) to obtain NIR photometry. We use the default apparent magnitude in J (1.25 m), H (1.65 m), and K s (2.16 m) bands. For each object, we try to find 2MASS counterpart 2 ′′ matching radius.
The X-ray measurements were taken from ROSAT All-Sky Survey (RASS; Voges et al. (1999 Voges et al. ( , 2000 ) in the range of energy of 0.1-2.4 keV. We search for RASS sources with maximum radius of 30 ′′ of each object. Following Stern & Laor (2012), we use the PIMMS 3 software to do the conversion from RASS count rates into X-ray fluxes, with the assumption of power-law X-ray spectrum index of X = 1.5. Then, by utilizing the z of optical match and Galactic N H measurements, 4 we calculate intrinsic rest-frame L (2 keV) of matched objects. Radio measurements were taken by crossmatching our main sample to Faint Images of the Radio Sky at Twenty-Centimeters (FIRST) catalog (White et al. 1997 ) within 30 ′′ radius. Then, we compute the integrated radio flux density at 20 cm.
Spectral measurements
We build a pipeline to automatically derive AGN physical parameters by using Python 5 codes with similar approach as in Andika et al. (2016) . We integrate the codes with QSFit to do the spectral reduction, continuum modeling, and emission lines fitting. QSFit is an IDL codes to analyze AGN spectra at optical/UV wavelengths. The detailed information about QSFit can be found in the Calderone et al. (2017) paper. Here, we only summarize the main procedure that we use to derive our AGN properties. First, spectra are corrected for foreground Galactic dust using maps of Schlafly & Finkbeiner (2011) and Fitzpatrick (1999) extinction law assuming R V = 3.1. Then, they are shifted to rest-frame using cataloged redshift. The AGN continuum is modeled by using a single power law over the observed rest-frame wavelength coverage. The mathematical expression for this model is:
where b is break wavelength reference, A is luminosity density at = b , and is the spectral slope at ≪ b . The Balmer continuum model is also used to account for high-order Balmer lines. We use the recipe as in Calderone et al. (2017) :
where A is luminosity density at 3,000 Å, B (T e ) is blackbody equation for certain electron temperature T e , BE is the optical depth at the Balmer edge, and BE is the edge of wavelength (3,645 Å). Contribution from host galaxy light is often not negligible, especially for low-luminosity AGN. Therefore, the template of an elliptical galaxy component from Calderone et al. (2017) is used to account stellar absorption features with a normalization factor as the only parameter. To model the Fe II blended emission lines, the template from Véron-Cetty et al. (2004) and Vestergaard & Wilkes (2001) are used. The model parameters are its overall normalization and width of the lines.
Finally, we use the combination of Gaussian functions to model all the emission lines (both broad and narrow) in the spectrum. We use one Gaussian to fit each narrow line while two Gaussian are used to fit each broad line. The fitting parameters are the integrated line luminosity, full width at half maximum (FWHM), and velocity offset (with respect to the reference wavelength). The values of narrow and broad lines FWHM are constrained in the range of 100-1,000 km s −1 and 900-15,000 km s −1 , respectively. Meanwhile, the velocity offsets of narrow and broad lines must be in the range of ±1,000 and ± 3,000 km s −1 , respectively. For the H and H , the combination of broad and narrow components is used. Because [O III] 4959, 5007 lines frequently show asymmetric blue wings and sometimes double-peaked profiles (Shen & Ho 2014), we add one more Gaussian to fit each component of the [O III] 4959, 5007 lines. Following Ge et al. (2012) , we define type 1 AGN as the object which has broad H FWHM >1,000 km s −1 . By doing the visual inspection in the last step to check the fitting results, we are confident that the majority of the fits were successful. An example comparison between QSFit model and SDSS data can be seen in Figure 1 . A total of 18,043 objects with acceptable fit (reduced 2 < 2) are obtained. We name them as T1 AGN sample. The average detection fraction of T1 AGNs from ROSAT is 5.47%, GALEX is 78.51%, 2MASS is 51.78%, and FIRST is 11.69%. The T1 AGNs have luminosities of 38.16 < logL 5100 < 46.60 with mean logL 5100 = 44.29, where L 5100 is the averaged rest-frame continuum luminosity at 5,100 Å. 
RESULT AND ANALYSIS
AGN luminosities and oxygen lines ratio
We explore the correlation of AGN luminosities from X-ray to radio with L [O II] and L [O III] . The least-square linear regression and Spearman correlation coefficient ( and p) were calculated and tabulated in Table 1 based on  equation: log
where L NLR can be replaced by lines luminosity or luminosities ratio between two lines. We find that L [O II] and L [O III] increase with increasing AGN luminosity. The average correlation between [O III] and AGN luminosity is stronger than the correlation between [O II] and AGN luminosity. In the stratified NLR model, higher ionization lines are produced from inner part of NLR while lines with lower ionization potential (IP) comes from outer part of NLR (Croom et al. 2002) . In our case, [O III] (IP = 35.1 eV) which has higher IP than [O II] (IP = 13.5 eV) is expected to be emitted closer with the accretion disk and more affected by AGN photoionization. This is consistent with stronger correlation that we found.
The ionization degree of AGN can be described by using the ionization parameter. 
Radio quiet and radio loud AGN
Here, we will divide our T1 AGN into radio quiet (RQ) and radio loud (RL) AGN. We compute the radio flux density at 6 cm to the optical flux density at 2,500 Å ratio as in Jiang et al. (2007) :
The radio flux density at 6 cm (F 6cm ) is calculated by extrapolating radio flux density at 20 cm, assuming a power-law slope of = − 0.5. On the other hand, optical flux density at 2,500 Å (F 2, 500 Å) is computed by extrapolating continuum flux density at 5,100 Å, using a power-law slope, which was derived from AGN continuum fitting. We classify an object as RL AGN if R > 10 and RQ AGN if R ≤ 10. We also determined the radio morphology of our sample by visually inspecting the FIRST radio maps into lobe-dominated (LD) and core-dominated (CD) sources.
The , respectively. We note that all of these correlations have p = .00 which indicate that they are real correlations. However, we do not find any real correlation between [O III]/[O II] ratio and radio luminosity, as seen in Figure 2 .
Most of RQ AGNs show a tight correlation with ∼1 dex L 20cm dispersion. Then, there are some RQ AGNs above this "tight band" and extend into the RL domain, which show a steeper correlation and are bridging the gap between RL and RQ AGNs. Majority of these objects show core or weak core-jet radio morphology, which indicate the presence of radio intermediate population. To explain about weak correlation in the RL AGNs compared to RQ AGNs; we support the idea of Kalfountzou et al. (2012) , Mullaney et al. (2013) , and Labiano (2008) who suggest that radio jets play an important role in ionizing NLR. A possible explanation is as the jets penetrate the NLR, the shock will provide additional photons to ionize the surrounding medium, increase the narrow lines emission, and cause a bigger dispersion in the correlation.
Correlations in narrow and broad emission lines ratio
We investigate the ratio of narrow line luminosities L
, and L [S II] as a function of L bH in Figure 3 . A strong trend of decreasing NLR to BLR luminosity ratio with increasing L bH is clearly detected for all lines. The calculated linear regression parameters along with Spearman rank correlation are tabulated in Table 2 .
Here, we used the relation:
where m is the slope and c is intercept of the least-squares linear regression. The value of L NLR will be replaced with each narrow lines luminosity. As a comparison, Zhang et al. (2013) studied correlation between narrow lines equivalent width and continuum luminosity of SDSS type 1 AGN mean spectra. We subtract the slope of +0.16 that they found for L bH from the slopes they found for each narrow line. For example, the original slope for narrow [O III] is −0.21, then we subtract 0.16 from the initial value so we get the observed slope for narrow [O III] of −0.37 (See Table 1 We did not find any correlation between trend slope and IP ( = 0.06, p = 0.80) or trend slope and critical density ( = 0.15, p = 0.55). This indicates that the correlations between ratio of narrow line luminosities and L bH is not produced by changes in NLR ionization or density. Stern & Laor (2012) have studied a SDSS selected sample of type 1 AGN. By carefully separating H profile into narrow and broad components, they found that narrow component starts to dominate the total H profile when luminosity decreases. This transition indicates an increase in relative strength of narrow H rather than decrease of broad H emission because broad component covering factor, L bH /L bol , is same for all type 1 AGN, independent of luminosity. They showed that the mean BLR covering factor remains constant with L bH . They suggested that the drop in L nH /L bH and L [O III] /L bH with L bH is most likely due to a decrease in NLR covering factor with AGN luminosity. A change in NLR covering factor will not affect L UV /L bH ; similar to that, the broad H physically comes from the same region as broad H . Therefore, the drop in L NLR /L BLR with L BLR is most likely due to decrease in the covering factor of NLR with AGN luminosity. However, as noted by Francis et al. (1991) , the relative flux of each AGN emission line has a large dispersion, probably dependent on the AGN physics itself (e.g., mass, luminosity, accretion rate, etc.).
T1 AGNs in EV1 plane
The EV1 plane was first proposed by Sulentic et al. (2000) in an attempt to unify AGN spectral diversity. The original proposed optical EV1 plane was involving measures of broad H FWHM (hereafter FWHM bH ) and R Fe II . The R Fe II is equivalent width of Fe II within 4,434 − 4,684 Å and equivalent width of broad H ratio. The original R Fe II proposed by Sulentic et al. (2000) only took account ∼25% Fe II strength in the optical region. Here, we cover R Fe II in wider range, that is, 4,000 − 5,500 Å, to consider ∼100% the optical Fe II0 strength. We also do an experiment by changing equivalent width parameter into luminosity (i.e., R Fe II to L Fe II /L bH ) and see whether the trend still holds or not. The L Fe II /L bH represents the physical condition of the emitting gas (density, ionization, and metallicity) while broad H FWHM is widely used as a virial mass estimator. The EV1 correlation, which is anticorrelation between [O III] and optical Fe II strength, is shown in Figure 4 (upper panel). Note that by mentioning strength, we mean either luminosity or equivalent width. The dots are individual objects, color-coded by the average strength of [O III]. For each object, we compute an average [O III] strength by taking median value of all points within a smoothing box of abscissa parameter which equals to 0.2 and ΔFWHM bH = 500 km s −1 centered on that object. We plot the object if the smoothing box contains more than 10 objects for statistical significance. Using this method, we can get better visualization of the smooth trend in the average properties. In the Figure 4 , we can see that AGN with stronger Fe II tends to have narrower H and vice versa. The dominant trend in the color-map of Figure 4 (top left panel) 
Principal component analysis
Our T1 AGNs have many measured parameters that can be utilized especially in the EV1 plane. Therefore, we add several parameters in there and investigate the observed correlations. The correlation study in this section used the Spearman formula to check the correlation significance. We also utilize Principal Component Analysis (PCA; Francis & Wills (1999) ) to reduce the number of parameters into a few relevant ones. The mathematical idea of PCA is linear algebra to calculate eigenvalues and EVs for the correlation coefficients matrix. We choose following parameters in our PCA: Table 3 . There are eight rows in the table for each observational property. A PCA was performed using the above input parameters. The results of PCA are summarized in Table 4 . The first five principal components or EVs account for more than 84% of the intrinsic variation in the data. In other words, the first five principal components already well describe the data. A most important principal component, EV1, accounts for 30% of the variance. It clearly shows anticorrelations of [O III] strength and FWHM bH with L Fe II /L bH . This result is consistent with Sulentic et al. (2000) and Boroson & Green (1992) findings.
Discussion on EV1 trends
As seen in Figure 4 , we find similar EV1 trends as in Shen & Ho (2014) . We note that there are two key differences between our diagram and Shen & Ho (2014). First, we consider Fe II emission in larger wavelength coverage. Second, we examine the case where R Fe II is changed to L Fe II /L bH . We find that the EV1 correlation still holds and indicates that the emission lines profiles are governed by some AGN fundamental parameters (Tables 5-9 ).
To understand the physics of EV1, we estimate the SMBH mass, bolometric luminosity, and Eddington ratio for our T1 AGN sample by using equations as in Tammour et al. (2015) . Then, we calculate Spearman correlation coefficient for EV1 with SMBH mass ( = 0.60, p = .00) and bolometric luminosity ( = 0.59, p = .00). It is clear that EV1 is strongly correlated with those parameters. As EV1 increases, the SMBH mass is increasing and bolometric luminosity is also increasing. Because the correlation strength of SMBH mass with EV1 is almost equal to the correlation strength of bolometric luminosity with EV1, we conclude that EV1 is driven by SMBH mass and luminosity. In another words, a change in SMBH mass and bolometric luminosity can change the EV1 value. The change of bolometric luminosity to SMBH mass ratio and 
F I G U R E 4
The T1 AGN distribution in EV1 optical plane. We color code the points by taking strength or ratio between narrow lines, averaged over all nearby objects in a smoothing box of abscissa parameter equals to 0.2, and ΔFWHM bH = 500 km s −1 . The number of AGNs increasing from outer to inner contours. At the lowermost panel, the distribution of radio loud (blue triangles for lobe-dominated sources and red squares for core-dominated sources) and radio quiet (gray circles) AGN is presented. AGN, active galactic nucleus can be interpreted as change of AGN Eddington ratio.
In accretion-powered radiation system, Eddington ratio is often referred as the dimensionless accretion rate. To prove that Eddington ratio plays an important role in shaping correlations in the EV1 diagram, we plot the Eddington ratio trend in Figure 5 . It clearly shows that AGN with stronger Eddington ratio tends to have stronger L Fe II /L bH and narrower H and vice versa. An interesting trend that we found in the EV1 diagram is as Eddington ratio increases, the ionization degree in NLR decreases. This anticorrelation is seen in Figure 4 Richardson et al. (2014) , is that the increase in ionization degree might be a sequence of age where low ionization sources are older and have systematically cleared out their central regions by radiation pressure.
It has been proposed that the horizontal trends in the EV1 plane are mostly driven by Eddington ratio (e.g., Boroson & Green (1992) ; Sulentic et al. (2000) ). Figure 4 shows that L [O III] /L [O II] is weaker in larger L Fe II /L bH . If higher Eddington ratio leads to higher L Fe II /L bH , then, in general, objects with higher Eddington ratio tend to have lower ionization degree.
It is known from observation of RL AGN that FWHM bH can be affected by orientation. More edge-on systems tend to have larger FWHM bH (Shen & Ho 2014). We show in Figure 4 (lowermost panel) that at fixed L Fe II /L bH , core-dominated objects, in average, have lower FWHM bH than LD objects which is consistent with orientation effect. Moreover, RL objects, in average, tend to have lower L Fe II /L bH and higher FWHM bH compared to RQ objects. This is supporting the idea that RL objects tend to reside in more massive and lower Eddington ratio system (Shen & Ho (2014) ).
We use the assumption that BLR has a flattened geometry aligned with accretion disk. As we can see in Figure 4 , a weak trend in FWHM bH at fixed L Fe II /L bH is clearly seen. If lower SMBH mass at fixed bolometric luminosity (also means higher Eddington ratio) leads to weaker [O III], as in the EV1 correlation, we should also see a trend in the vertical axis. The absence of such trend indicates that there is dispersion between FWHM bH and the true virial velocity. Therefore, FWHM bH does not track the true SMBH mass. Shen & Ho (2014) proposed that this dispersion is caused by the orientation effect, as predicted if BLR geometry is flattened.
CONCLUSIONS
In this work, we constructed a well-defined and large sample of type 1 AGN at 0.02 ≤ z ≤ 0.8 by SDSS DR 14 data. Furthermore, we combine this data set with photometric observation in the X-ray, UV, IR, and radio based on ROSAT, GALEX, 2MASS, and FIRST, respectively. Reduction and analysis of spectra were carried out to obtain AGN physical parameters. We use the measured parameters to explore type 1 AGN emission correlation and properties. We find the following results:
1. The luminosities of [O III] and [O II] increase with increasing AGN luminosity from radio to X-ray. The average correlation between [O III] luminosity and AGN luminosity is stronger than the correlation between [O II] luminosity and AGN luminosity. This is consistent with the stratified model of NLR. Then, we also find weak dependence of ionization degree with AGN luminosity. 2. The correlation of narrow lines and radio luminosity is stronger for RQ AGN and weaker for RL AGN. We suggest that this is caused by the radio jets. A possible explanation is as the jets pass through the NLR, the shock will provide additional ionizing photons, increase the narrow lines emission, and cause a bigger dispersion in the correlation for RL AGN. 3. The trend of decreasing L NLR /L BLR with increasing L BLR is observed. The slopes that we found in each line ratio do not show any correlation with IP or critical density. Motivated by Stern & Laor (2012) finding, we suggest that this correlation is most likely due to decrease in covering factor of NLR as AGN luminosity increases. 4. The EV1 correlation, which is shown in the EV1 plane is mostly driven by Eddington ratio and the dispersion is caused by the effect of orientation. By using the L [O III] /L [O II] ratio, we found that the ionization degree decreases as Eddington ratio increases. We also confirm that objects with higher Eddington ratio tend to have distribution in EV1 optical plane. We color code the points by taking strength or ratio between narrow lines, averaged over all nearby objects in a smoothing box of abscissa parameter equals to 0.2 and ΔFWHM bH = 500km s −1 . 
